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INTRODUCTION 

A  new  approach  to  studying  protein  quality  by  Finney  (7,  8)  is  based  on 
the  ability  of  the  i^eat  plant  to  take  up,  translocate,  and  syntheslse  Into 
gluten  protein  the  urea  nitrogen  sprayed  on  the  leaves  (9). 

The  root  syst^  of  the  vheat  plant  seeau  to  do  a  fairly  good  Job  of  regu- 
lating the  uptake  of  nany  Important  elements  such  as  sulfur  that  occurs  In 
cystine  and  cysteine  of  gluten  protein  and  Is  associated  with  such  Important 
dough  properties  as  degree  of  extensibility  and  oxidation  requirement.  Finney 
(8)  points  out  that  foliar  spraying  possibly  permits  the  uptake,  trans location, 
and  Incorporation  of  liq>ortant  elegants  In  the  gluten  protein  coaq>lex  In  con- 
centrations much  higher  than  normally  occur,  and  possibly  permits  Incorporation 
of  specific  nitrogen  groups  In  the  protein  molecule. 

In  previous  foliar  spraying  experiments  (8),  sulfur  and  nitrogen  In  the 
form  of  thiourea,  N,N' -diethyl thiourea,  and  ethylenethlourea  were  applied  to 
the  leaves  of  the  wheat  plant  prior  to  and/ or  at  heading.  Protein  contents  of 
the  flours  were  Increased  by  2.5  to  4.5  per  cent.  Total  sulfur  contents  of  the 
flours  were  Increased  about  20  per  cent  above  those  for  flours  milled  from 
wheats  that  were  sprayed  with  ammonium  nitrate  and  such  nonsulfur-contalnlng 
ure«8  as  N,N'-dlmethylurea,  N,N-dlethylurea,  and  urea. 

The  materially  sub-normal  physical  and  baking  properties  of  some  wheats 
eaapared  to  the  normal  and  above  normal  properties  of  others  suggested  that 
certain  ureas  had  been  synthesized  to  varying  degrees  Into  gluten  protein, 
thereby  pointing  to  the  need  of  a  sensitive  quantitative  method  for  determining 
residual  quantities,  if  any,  of  the  ureas  and  thioureas  in  the  wheats  and 
flours  involved.  Residual  amounts  of  certain  ureas  and  thioureas  possibly 
could  account  for  the  below  as  well  as  above  normal  properties  of  certain 


wheats  and  £lours.  Accordingly,  in  the  present  study,  tvo  spec trophotometric 
■•thods  £or  the  quantitative  determination  of  ureas  have  been  investigated, 
one  using  p-dimethylaainobenzaldehyde,  and  the  other  diacety laonoxime . 

REVIEW  OF  LITERATURE 

Reaction  vith  p«Oiaethylaainobenzaldehyde 

The  classical  aethod  for  determining  urea  involves  its  hydrolysis  vith 
the  enzyme  urease  followed  by  determining  the  ammonia  produced  by  nesslerization 
or  by  the  Kjeldahl  procedure.  This  method  is  clearly  inappropriate  for  the 
present  study  because  of  the  extreme  specificity  of  urease  which  attacks  only 
urea. 

A  color  reaction  of  urea  with  Ehrlich*s  aldehyde  reagent,  a  solution  of 
p-dimethylaminobenzaldehyde  in  hydrochloric  acid,  was  first  described  by 
Barrenscheen  (3).  He  found  that  the  reacticm  used  one  mole  of  urea  with  one 
mole  of  p-dimethylaminobenzaldehyde,  and  that  it  was  ii^>os8ible  to  obtain  high- 
er condensation  products.  The  bright  yellowish-green  product,  formed  by  the 
direct  addition  of  the  acid  to  form  a  salt,  was  found  to  be  relatively  unstable. 
He  found  that  urea,  methylurea,  and  phenylurea  gave  the  same  color  and  sisdLlar 
crystallization  characteristics. 

Systematic  investigation  of  other  substituted  ureas  by  Barrenscheen  (3) 
showed  that  an  unbound  amino  group  was  essential  for  the  reaction.  Barrenscheen 
found  that  thiourea  reacted  to  give  colored  monoclinic  needles  that  hydrolyzed 
very  easily.  He  found  that  increasing  the  acid  concentration  led  to  almost  a 
complete  loss  of  color,  and  that  -he  compound  formed  vith  sulfuric  acid  did  not 
have  as  sharp  a  melting  point  as  that  with  hydrochloric  acid,  but  did  not 


hydrolyze  as  easily.  Barrenscheen  failed  in  his  atteaq>t  to  use  the  reaction 
for  the  quantitative  determination  of  urea  because  the  colored  c(»ipound8  read- 
ily were  hydrolyzed. 

The  reaction  appears  to  have  been  ignored  until  two  Frenchmen,  Pesez  and 
Petit  (16),  found  that  hydrazine  reacted  with  p*dimethylaadLnobenzaldehyde  to 
give  an  azine  of  intense  red-orange  color  which  was  directly  proportional  to 
the  hydrazine  concentration.  The  colored  compound  was  soluble  in  mineral  acids 
and  was  stable  after  reacting  for  10  to  15  minutes.  They  also  observed  that 
urea  reacted  slightly. 

Watt  and  Crisp  (18)  published  a  •pectrophotomatrlc  method  for  the  deter- 
mination of  hydrazine  based  on  the  observation  by  Pesez  and  Petit.  A  charac- 
teristic color  was  developed  upon  the  addition  of  a  solution  of  p-dimethyl- 
aminobenzaldehyde  in  ethyl  alcohol  and  hydrochloric  acid  solution.  In  the 
course  of  their  work  on  the  determination  of  hydrazine  in  the  presence  of  urea, 
they  found  that  solutions  containing  urea  and  p-dimethylaminobenzaldehyde 
exhibited  a  broad  transmittancy  minimum  at  420  m^. 

In  a  later  publication  Watt  and  Crisp  (19)  describe  a  spec trophotome trie 
method  for  urea  with  p-dimethylaminobenzaldehyde.  The  color  reagent,  the  saaa 
as  that  us«d  for  hydrazine,  contained  p-dlmathylaminobenzaldehyde  2.000  g,  95 
per  cent  ethyl  alcohol  100.0  ml,  and  concentrated  hydrochloric  acid  10.0  ml. 
After  adding  ten  milliliters  of  this  reagent  to  appropriate  urea  aliquots,  the 
mixture  was  diluted  to  a  total  volume  of  25  ml  with  distilled  water.  The  opti- 
mum urea  ccmcentration  range  of  50  to  240  ppm  corresponds  to  63  to  23  per  cent 
transmit tance,  or  4.7  ppm  per  unit  of  transmittance. 

Several  workers  have  used  this  method  successfully  without  major  modifica- 
tion.  Cline  and  Fink  (5)  used  the  reaction  to  locate  urea  spots  tax  paper 
chroaatograms .  They  found  the  reaction  to  be  equimolar,  thereby  substantiating 


the  earlier  work  of  Barreascheen .  Brown  (A)  adapted  the  reaction  to  determin- 
ing blood  urea.  Jongen  and  Berkhaut  (10)  used  the  reaction  to  determine  urea 
in  feed  and  fertilizer.  They  used  a  water  extract  that  was  clarified  and 
decolorized  In  one  step  by  Carrez  solution  and  charcoal. 

The  preceding  review  of  the  literature  suggested  that  the  reaction  betwaaa 
urea  and  p- dime thy laolnobenzaldehyde  might  provide  a  method  for  the  determina- 
tion of  urea,  thiourea,  and  their  monosubstltuted  derivatives.  In  the  present 
study,  however.  It  appeared  advisable  to  Investigate  the  possibility  of  Increas- 
ing the  sensitivity  of  the  reaction  by  decreasing  the  range.  It  was  evident 
that  the  reaction  would  not  provide  a  method  for  the  determination  of  dlsubstl- 
tuted  ureas  and  thioureas.  Therefore  a  further  search  of  the  literature  was 
undertaken. 

Reaction  with  Dlacetylmonoxlme 

Fearon  (6)  reported  that  a  color  was  produced  with  urea  by  strongly  add- 
Iflng  with  hydrochloric  acid,  adding  a  few  drops  of  3  per  cent  dlacetylmonoxlme, 
and  boiling  for  3  to  4  minutes.  He  obtained  a  positive  reactloa  with  urea, 
methylurea,  butylurea,  phenylurea,  betanaphthurea,  dlaethylurea,  allantoln, 
saalcarbazlde,  cltrulllne,  and  all  higher  proteins  exaodned.  He  failed  to 
obtain  a  positive  reaction  with  s—nn  1  iim  salts,  hydrazine,  carbamate,  cyanate, 
acetamlde,  acetylurea,  diphenylurea,  guanldlne,  craatlna,  creatinine,  glycocya- 
mlne,  uroxanlc  acid,  uric  acid.  Indole,  «nd  all  amlao  a:lds  examined.  On  the 
basis  of  these  tests  he  concluded  that  the  reaction  was  positive  with  coiq>ounda 


A  solution  of  180  g  lactic  acid  In  200  ml  potassium  hydroxide  solution 
(sp.  gr.  1.332)  and  200  ml  water;  after  boiling,  and  neutralization  with  acid 
or  alkali,  as  required,  it  Is  mixed  with  a  solution  of  34.65  g  cupric  sulfate 
crystals  In  250  ml  water,  and  diluted  to  1  liter. 


containing  the  system  SNHCONHR*,  «hsre  R  was  either  hydrogen  or  a  8iiq)le  ali- 
phatic radicle,  and  R*  was  not  an  acyl  radicle.  Fearon  stated  that  the  color 
MM  iaproved  when  a  drop  o£  1  per  cent  potassium  per sulfate  was  added. 

Tha  acthod  was  modified  by  Barker  (2)  working  with  urea  in  blood  and 
urine.  His  modification  onployed  0.25  ml  of  a  3  per  cent  solution  of  diacetyl- 
monoxime,  A.O  ml  of  50  per  cent  sulfuric  acid,  and  10  minutes  in  a  boiling 
water  bath,  followed  Imnediately  by  adding  0.25  ml  of  1  per  cent  potassiui 
persulfate.  Spectrophotometer  readings  had  to  be  taken  exactly  15  minutes 
after  addition  of  the  persulfate. 

Further  work  on  the  reaction  was  done  by  Koritz  and  Cohen  (12).  They 
found  that  sulfur-containing  compounds  inhibited  color  formation,  but  that  the 
inhibition  could  be  overcooM  by  adding  more  persulfate. 

Ormsby  (15),  in  studies  with  the  diacetylsumoxime  reaction,  found  that 
direct  sunlight  replaced  the  oxidizing  agent  in  the  production  of  color,  but 
that  the  color  thereby  produced  faded  rapidly.  Direct  sunlight  also  faded  the 
color  produced  with  potassium  persulfate. 

Wheatly  (20)  stiggested  the  use  of  sodium  diphenylamine-p-sulfonate,  an 
aromatic  amine,  which  gave  an  orange-red  color  instead  of  the  characteristic 
yellow  color.  Archibald  (1)  used  a-lsonltrosopropiophenone,  a  compound  closely 
related  to  dlacetylmonoxime,  to  determine  urea.  This  reagent  was  more  specific 
for  urea  than  dlacetylmonoxime. 

Hatelson,  Scott,  and  Beffa  (14)  found  that  potassium  persulfate  enhanced 
the  reaction  color  about  10  to  15  per  cent,  but  also  caused  fading  to  the  ex- 
tent that  if  the  developing  color  was  allowed  to  stand  for  mor<^  thsn  ons-half 
to  one  hour,  appreciable  decrease  in  color  iatensity  occurred  even  in  the 
absence  of  light.  They  showed  that  the  persulfate  destroyed  the  hydroxy lamine 
that  was  formed.  They  also  found  that  hydroxylamlne  decreased  the  color 
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produced  in  the  reaction  o£  diacetyl  and  urea^  and  described  a  method  using 
diacetyl  instead  of  diacetylsumoxiaft.  Diacetyl  produced  the  sane  color  •• 
diacetylmonoxime,  but  the  reaction  time  for  maximum  color  was  shorter. 

The  above  method  vith  diacetyl  vas  modified  by  Ldfar  and  Bootzin  (13)  to 
one  that  vas  analytical  instead  of  clinical. 

▲  rather  thorough  study  of  the  reaction  of  urea  vith  diacetylmonoxime  vas 
undertaken  by  Rosenthal  (17)  who  worked  on  a  modification  by  Kaverau  (11)  of 
using  arsenic  acid  to  destroy  the  hydroxy laaine  as  it  vas  formed.  Rosenthal 
found  optimum  concentrations  of  3.8  N  for  hydrochloric  acid^  0.08  N  for  arsenic 
acid^  and  0.25  per  cent  for  diacetylmonoxime.  He  found  that  a  heating  time  of 
30  minutes  in  a  boiling  water  bath  produced  the  greatest  intensity.  The  final 
color  vas  toaewfaat  photolabile^  fading  at  the  rate  of  approximately  5  per  r^nf 
per  hour. 

METHODS  AND  MATERIALS 

All  spectrophotometrlc  readings  in  this  study  were  taken  on  a  Beckman  DU 
spectrophotometer  equipped  with  an  a.c.  power  supply  and  a  photomultiplier 
tube.  A  matched  set  of  corex  cells  having  a  path  length  of  0.999  cm  was  used 
throughout  the  study.  All  readings  were  taken  at  25*  C  by  means  of  a  thermo- 
regulated  water  bath  that  was  attached  to  the  spectrophotometer.  All  readings 
were  taken  at  a  slit  width  of  O.OI  nm,  corresponding  to  a  nominal  band  width 
of  0.26  B^x  at  430  mu. 

The  ethyl enethiourea  used  in  the  study  was  practical  grade  recrystallized 
twice  from  water.  The  t-butylurea  and  1,3-dlmethylurea  were  practical  grade 
recrystallized  twice  from  95  per  cent  ethyl  alcohol.  The  other  ureas  used  in 
the  study  we-;^  reagent  grade  and  included  the  following:  urea,  thiourea. 


oethylurea,  allylurea,  phenylurea,  acetylurea,  phenyl thiourea,  allyl thiourea, 
acetylthiourea,  1,3-diethylthiourea,  1,3-dlpheaylurea,  1,3-dl phenyl thiourea, 
1,1-dlphenylurea,  1,1-dlphenylthlourea,  and  1,3-diethyldlphenylurea.  All  other 
chemicals  used  In  the  study  vere  reagent  grade  and  used  as  received,  except  for 
drying  vhich  «••  accomplished  by  heating  at  7(r  C  in  a  vacuum  oven  overnight. 

The  analysis  of  flour  containing  added  quantities  of  ureas  vere  performed 
on  a  cagq>oslte  flour.  The  flour  8aiq>le  was  composed  of  several  varieties  grown 
at  a  number  of  locatioas  in  the  southern  and  central  regions  of  the  United 
States. 

EXPBRTMBITAL  RESULTS  AND  CONCLUSIONS 

Analysis  of  Ureas  Using  p-Dlmethylaminobenzaldehyde 

Choice  of  Solvents .  Before  studing  the  reaction  of  p-dimethylamino- 
bensaldehyde  with  the  various  ureas,  the  data  of  V-ntt  wnd  Crisp  was  first 
verified.  Several  of  the  moaosubstltuted  ureas  gave  a  color  similar  to  that 
given  by  urea.  The  thioureaa  gave  no  color  in  the  water  soluticm. 

In  working  with  the  reaction  it  was  noticed  that  p-dimethylaminobenzalde- 
hyde  was  cmly  slightly  soluble  in  water.  With  the  addition  of  a  strong  acid, 
however,  it  became  very  easily  soluble,  but  an  excess  of  strong  acid  depressed 
the  color  reaction  between  urea  and  p>dimethylamlnobenzaldehyde.  Accordingly, 
95  per  cent  ethyl  alcohol  was  selected  as  a  solvent  more  acidic  than  water  and 
one  in  which  p-dimethylaminobensaldehyde  was  more  soluble.  Samples  were 
dissolved  in  95  per  cent  ethyl  alcohol  and  diluted  to  volume  with  alcohol. 
Since  hydrochloric  acid  contains  a  significant  amount  of  water,  sulfuric  acid 
was  tried  and  found  to  be  equal  to,  if  not  better  than  hydrochloric  acid. 


The  change  to  95  per  cent  ethyl  alcohol  as  a  solvent  Increased  the  sensi- 
tivity or  change  in  concentration  per  unit  of  transaittance.  In  addition,  a 
positive  reaction  was  obtained  with  thiourea  which  did  not  react  in  water. 

The  success  of  95  r^'sr  cent  ethyl  alcohol  as  a  solvent  warranted  an 
investigation  of  a  ntimber  of  other  solvents.  Among  those  tried  were  absolute 
ethyl  alcohol,  n-propyl  alcohol,  i-propyl  alcohol,  sec-butyl  alcohol,  i-butyl 
alcohol,  n-butyl  alcohol,  t-butyl  alcohol,  and  acetic  acid. 

Absolute  ethyl  alcohol  and  n-propyl  alcohol  offered  little  if  any  advan- 
tage over  95  per  cent  ethyl  alcohol.  Difficulty  was  encountered  in  obtaining 
a  color  with  the  butanols.  Iso-propyl  alcohol  and  acetic  acid  both  gave  a 
severalfold  increase  in  color  intensity.  The  reaction  with  an  acetic  acid 
solvent  was  unstable,  probably  due  to  the  instability  of  the  urea  compounds 
in  the  acetic  acid  standard  solutions.  Therefore,  with  one  exception,  i-propyl 
alcohol  was  used  as  the  solvent. 

Color  Solutions.  Color  solution  (A)  consisted  of  2.000  g  p-dimethylaaino- 
benzaldehyde,  100.0  ml  i-propyl  alcohol,  and  O.S  ml  concentrated  sulfuric  acid. 
Ten  ml  per  25  ml  total  volume  was  used. 

Color  solution  (B)  consisted  of  2.000  g  p-dimethylaminobensaldehyde,  100.0 
ml  i-propyl  alcohol,  and  1.0  ml  concentrated  sulfuric  acid.  Ten  ml  par  25  ml 
total  volume  was  used. 

Color  solution  (C)  consisted  of  2.000  g  p-dlmethylocLnobenzaldehyde,  150.0 
ml  glacial  acetic  acid,  and  0.6  ml  concentrated  sulfuric  acid.  Fifte«i  ml  per 
25  ml  total  volume  was  used. 

General  Method.  To  an  appropriate  aliquot  of  the  urea  or  thiourea  solution, 
add  10  or  15  ml,  depending  upon  the  color  solution  used,  into  a  25  ml  volumetric 
flask,  dilute  to  volume,  and  place  in  a  water  bath  at  25°  C  for  15  minutes. 
The  color  is  stable  for  at  least  one  hour.  Extreme  care  must  be  taken  to 


exclude  water  from  the  reaction.  Thus^  all  saoples  must  be  dried  and  flasks  or 
pipettes  either  dried  or  rinsed  with  i-propyl  alcohol. 

Certain  Ureas  that  React  with  p-Dimethylaainobenzaldehyde 

Urea.  For  urea,  10  ml  of  color  solution  (A)  was  used.  The  range  of  1.0 
to  8.0  pp«  for  urea  corresponded  to  a  transmittance  range  of  80  to  12  per  cent, 
or  0.103  ppa  per  unit  of  transmittance.  The  standard  deviatimi  of  a  single 
determination  (30  replications)  was  0.16  ppm.  Maximum  absorbance  occurred  at 
425  fl|i  (Figure  1).  The  standard  curve  for  urea  is  given  in  Figure  2. 

Methylurea.  For  methylurea,  10  ml  of  color  solution  (A)  was  used.  Maxi- 
mum absorbance  occurred  at  430  mu  (Figure  1).  The  range  of  0.5  to  3.0  ppm  for 
methylurea  corresponded  to  a  transmittance  range  of  68  to  11  per  cent,  or  0.044 
ppm  per  unit  of  transmittance.  The  standard  deviation  of  a  single  determination 
(30  replications)  was  0.01  ppm.  The  standard  curve  for  methylurea  is  given  in 
Figure  2. 

t-Butylurea.  For  t-butylurea  10  ml  of  color  solution  (A)  was  used.  The 
■■TiwiH  absorbance  occurred  at  430  m^   (Figure  1).  The  range  of  0.5  to  2.5  ppmt 
for  tobutylurea  corresponded  to  a  transmittance  range  of  69  f   11  per  cent,  or 
0.034  ppm  per  unit  of  transmittance.  The  standard  deviation  of  a  simple  deter- 
mination (30  replications)  was  0.007  ppm.  The  standard  curve  for  t-butylurea 
is  given  in  Figure  2. 

Allylurea.  For  allylurea  10  ml  of  color  solution  (A)  was  used.  The  maxi- 
■nm  absorbance  occurred  at  435  m^  (Figure  1).  TIte  range  of  0.5  to  4.0  ppm  for 
allylurea  corresponded  to  a  transmittance  range  of  73  to  11  per  cent,  or  0.056 
ppm  per  unit  of  transmittance.  The  standard  deviation  of  a  single  determinati<m 
(29  replications)  was  0.12  ppm.  The  standard  curve  for  allylurea  is  given  in 
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Figure  2. 

Phenylurea.  For  phenylurea  10  ml  of  color  solution  (A)  was  used.  The 
oMxiiuin  Ahcorbance  occurred  at  4A0  m|i  (Figure  1).  The  range  of  0.5  to  4.0  ppn 
for  phenylurea  corresponded  to  a  transmit tance  range  of  72  to  13  per  cent,  or 
0.059  ppm  per  unit  transmittance.  The  standard  deviation  of  a  single  determi- 
nation (30  replications)  vas  0.14  ppm.  The  standard  curve  for  phenylurea  is 
given  in  Figure  2. 

Thiourea.  For  thiourea  10  ml  of  color  solution  (B)  was  used.  The  maximum 
absorbance  occurred  at  450  m^  (Figure  1).  The  range  of  5.0  to  25.0  ppm  for 
thiourea  corresponded  to  a  transmittance  range  of  72  to  11  per  cent,  or  0.328 
ppo  per  unit  transmittance.  The  standard  deviation  of  a  single  determination 
(27  replications)  was  0.44  ppm.  The  standard  curve  for  thiourea  is  given  in 
Figure  2.  The  someirtiat  photolablle  color  produced  by  the  reacticm  of  thiourea 
and  p-dlawthylamlnobenzaldehyde  was  eliminated  by  using  low  actinic  glass 
volumetric  flask*. 

Phenylthlourea .  For  phenylthlourea  10  ml  of  color  solution  (B)  was  used. 
The  maximum  absorbance  occurred  at  445  m^i  (Figure  1).  The  range  of  7.0  to  30.0 
ppm  for  phenylthlourea  corresponded  to  a  transmittance  range  of  65  to  14  per 
cent,  or  0.451  ppm  per  unit  transmittance.  The  standard  deviation  of  a  single 
determination  (25  replications)  was  0.72  ppm.  The  standard  curve  for  phenyl- 
thiourea  is  given  in  Figure  2. 

Allylthlourea.  For  allyl thiourea  10  ml  of  color  solution  (A)  was  used. 
The  ma»imimi  absorbance  occurred  at  445  n^i  (Figure  1).  The  range  of  5.0  to  25.0 
ppm  for  allylthlourea  corresponded  to  a  transmittance  range  of  64  to  12  per 
cent,  or  0.385  ppm  per  unit  transmittance.  The  standard  deviation  of  a  single 
determination  (20  replications)  was  0.32  ppm.  The  standard  curve  for  allyl- 
thlourea is  given  in  Figure  2.  The  photolablle  color  produced  with 
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aliylthlourea  and  p-diB«thylaBlnobenxaldehyde  faded  appreciably  vlthln  30 
■Inutes.  By  eiqtioylag  low  actinic  glass  voluoaetric  flasks^  color  was  stable  for 
over  one  hour. 

Bthylenethlourea  (2-Imida2olldBiethione) .  Ethylenethlourea  presented  a 
special  case,  because  the  color  intensity  produced  in  a  straight  i»propyl  alco» 
hoi  solvent  was  too  low,  and  that  produced  in  an  acetic  acid  solvent  was  rather 
unstable.  Therefore,  a  combination  of  the  two  solvents  was  used.  Thus  ethylene' 
thiourea  previously  dissolved  in  i-propyl  alcohol  was  added  to  15.0  ml  of  color 
solution  (C),  followed  by  dilution  with  i-propyl  alcohol  to  a  total  volume  of 
25  ml.  Maximum  absorbance  occurred  at  450  v^,   (Figure  1).  The  range  of  10  to 
40  ppm  for  ethylenethlourea  corresponded  to  a  transmittance  range  of  66  to  12 
per  cent,  or  0.555  ppm  per  unit  of  transmittance.  The  standard  deviation  of  a 
•ingle  determination  (25  replications)  was  1.21  ppm.  The  standard  curve  for 
ethylenethlourea  is  given  in  Figure  2. 

Analysis  of  Flours  Containing  Added  Quantities  of  Certain  Ureas .  Analysis 
for  each  of  the  ureas  was  made  after  adding  a  known  amount  of  the  urea  in  ques- 
tl(»  to  a  cocuposite  flour  sample.  Sanq>les  to  be  analyzed  were  dried  in  a 
vacuum  oven  overnight  at  7(f  C.  A  2.000  g  sample  cwitaining  12.5  mg  of  an  urea 
or  thiourea  coiqpound  was  agitated  in  a  reciprocating  shaker  for  one  hour  with 
100.0  ml  i-propyl  alcohol.  The  sample  was  then  filtered  through  Whatman  no.  4 
filter  paper.  Thereafter,  analysis  were  made  aa.  allquots  of  the  filtrate. 
Data  for  the  analyses  are  found  in  Table  1. 
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Table  1.   Analyses  o£  flours  containing  added  quantities  of 
ureas  (p-dlmethylamlnobanzaldehyde  reaction). 

certain 

Compound 

t                                           i 
:      Quantity 

!     Average 

Quantity  : 
Found   :  Recovery 
>g        X 

:  Added 
■g 

;   Found 
■g 

Or«« 

12.5 
12.5 
12.5 

12.74 
12.74 
12.53 

12.67 

101.4 

Methyluraa 

12.5 
12.5 
12.5 

12.89 
12.89 
12.54 

12.77 

102.2 

t«Botylurea 

12.5 
12.5 
12.5 

12.11 
12.04 
11.90 

12.02 

96.4 

Allylurea 

12.5 

12.5 
12.5 

13.31 
13.58 
12.98 

13.29 

106.3 

Phenylurea 

12.5 
12.5 
12.5 

12.46 
12.48 
12.72 

12.55 

100.4 

Thiourea 

12.5 
12.5 
12.5 

13.13 
13.48 
13.35 

13.32 

106.5 

» 

Phenylthlourea 

12.5 
12.5 
12.5 

12.39 
12.22 
12.32 

12.31 

98.5 

Allylthiourea 

12.5 
12.5 
12.5 

12.17 
12.18 
12.02 

12.12 

97.0 

Bthylenethlourea 

12.5 
12.5 
12.5 

12.13 
13.49 
12.77 

12.80 

102.2 
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Fig.   2.     Standard  curves  of  concentration  vs,   absorbance  at  minimum  trans- 
mittance  for  each  of  nine  ureas  reacting  with  p-dimethylamino- 
benzaldehyde. 
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Barrenscheen  (3)  stated  that  a  coapound  ntust  have  an  unbound  anino  group  to 
react.  The  present  study  Included  six  compounds,  1,3-dliBethylurea, 
1,3-diphcnylurea,  1,3-dlphenylthlourea,  1,3-dlethyldiphenylurea  and  ethylene- 
thiourea,  that  did  not  have  an  unbound  amino  group.  Ethylenethiourea  was  found 
to  be  the  oaly  exception  to  the  rule.  Ethylenethiourea  is  a  ring  coaq>ound  hav- 
ing the  following  structvire:  S 

H 

I  I 

^^C  —  CH^ 

Four  compounds  possessing  an  unbound  amino  group  did  not  give  the  color 
reaction.  They  included  1,1-diphenylurea,  1,1-diphenylthiourea,  acetylurea, 
and  acetylthiourea.  However,  a  color  was  noted  with  1,1-diethylurea,  the  tmly 
disubstituted  compound  found  to  react.  No  method  was  established  for 
1,1-diethylurea  because  of  the  inability  '*:o  obtain  a  sample  of  sufficient 
purity. 
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Although  no  attei^t  was  made  to  apply  the  reaction  with  p-dinethylamlno- 
iNBisaldiehyde  to  samples  other  than  wheat  flour,  there  is  no  apparent  reason  why 
others,  including  feeds  containing  added  ureas,  should  not  vork  equally  well, 
particularily  if  they  can  be  dried  and  extracted  with  i-propyl  alcohol.  If  the 
pigments  in  the  feed  interfere,  Jongen  and  Berkhaut  (10)  described  a  method 
whereby  the  saaq>le  can  be  clarified  and  decolorized  in  one  step. 

Analysis  of  Ureas  Osing  Diacetylmonoxime 

Choice  of  Reagent.  The  study  of  the  reaction  between  diacetylmonoxime 
with  certain  ureas  was  undertaken  to  see  if  it  could  be  used  to  determine  some 
of  the  disubstituted  ureas  and  thioureas  that  did  not  react  with  p-dimethyl- 
aiainobenzaldehyde.  It  appeared  from  a  review  of  literature  that  the  use  of 
dlacetyl  as  a  reagent  had  the  advantages  of  requiring  no  oxidizing  agent  and 
less  heating  time  than  for  diacetylmonoxime.  At  the  same  time,  the  color  pro- 
duced was  the  same  as  that  with  diacetylmonoxime  (14) . 

In  preliminary  experiments,  no  conditions  were  found  whereby  dlacetyl  gave 
a  color  of  the  same  intensity  as  that  with  diacetylmonoxime.  Dlacetyl  gave  the 
same  color  and  absorptitm  curve,  but  only  about  one«tenth  the  color  intensity 
as  diacetylmonoxime.  Apparently  the  more  intense  color  with  diacetylmimoxime 
can  be  attributed  to  a  slow  production  of  dlacetyl  and  a  continuous  destruction 
of  the  generated  hydroxylamine . 

General  Method.  Diacetylmonoxime,  2.500  g,  was  dissolved  in  100.0  ml  of 
5  per  cent  acetic  acid.  Concentrations  of  hydrochloric  acid,  arsenic  acid,  and 
diacetylmonoxime,  together  with  heating  time,  varied  with  the  compound  under 
investigation.  These  details  are  specified  as  each  individual  compound  is  dis- 
cussed. In  general,  10  ml  of  acid  mixture  is  added  to  each  25  X  200  mm  reaction 
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tube,  followed  by  1.5  or  2.0  ml  of  diacetyloumoxlme  solution,  and  sufficient 
water  to  adjust  the  volume  to  20-25  ml.  Thereafter  the  tubes  were  iaowrsed  in 
a  rapidly  boiling  water  bath.  After  heating,  the  tubes  were  cooled  in  running 
water  for  10  nlnutes,  and  the  contents  transferred  to  25  ml  volumetric  flasks 
and  diluted  to  volume  with  distilled  water.  Best  results  were  obtained  irtien 
readings  were  taken  within  one  hour.  Although  no  fading  by  light  was  encounter* 
ed  in  this  study,  it  appeared  advisable  to  heat  the  tubes  under  subdued  light. 

Certain  Ureas  that  React  with  Diacetylmonoxlme 

Urea.  A  suitable  quantity  of  urea  solution  and  2.0  ml  diacetylaoaaaii— 
solution  were  added  to  10  ml  of  an  acid  mixture  composed  of  60.0  ml  concen- 
trated hydrochloric  acid,  and  0.735A  g  arsenic  acid  diluted  to  100.0  ml  (Figure 
5).  Heating  time  for  maximum  color  production  was  found  to  be  40  minutes 
(Figure  4) .  Maximum  absorbance  occurred  at  480  m^  (Figure  3) .  The  useful 
range  of  2.0  to  6.0  ppm  corresponded  to  a  transmlttance  range  of  61  to  11  per 
cent,  or  0.08  ppm  per  unit  of  transmlttance.  The  standard  deviation  of  a 
single  determination  (30  replicatlcms)  was  0.10  pint.  The  standard  curve  for 
urea  is  given  in  Figure  6.      , 

Acetylurea.  A  suitable  quantity  of  acetylurea  solution  and  2.0  ml  of 
diacetylaanonrtme  solution  were  added  to  10  ml  of  an  acid  isixture  caa^)osed  of 
60.0  ml  concentrated  hydrochloric  acid  and  0.7354  g  arsenic  acid  diluted  to 
100.0  ml  (Figure  5).  Maximum  absorbance  occurred  at  485  i^i  (Figure  3).  Heat- 
ing time  for  maximum  color  production  was  found  to  be  50  minutes  (Figure  4). 
The  useful  range  of  2.0  to  10.0  ppm  corresponded  to  a  transmlttance  range  of 
76  to  10  per  cent,  or  0.12  ppm  per  unit  of  transmlttance.  The  standard  devia- 
tion of  a  single  determination  (30  replications)  was  0.24  ppm.  The  standard 


u 


curve  for  acetylurea  is  given  in  Figure  6. 

1.3-dimcthvlurea.  A  suitable  quantity  of  1,3-diaethylurea  solution  and 
1.5  ml  of  diacetylmonoxime  solution  vere  added  to  10  ad  of  an  acid  mixture 
composed  of  60.0  ml  concentrated  hydrochloric  acid  and  0.7354  g  arsenic  acid 
diluted  to  100.0  ml  (Figure  5).  Maximum  absorbance  occurred  at  550  m^  (Figure 
3).  Heating  time  for  mfy*iw""  color  production  was  20  minutes  (Figure  4).  The 
useful  range  of  10  to  30  ppm  corresponded  to  a  transmittance  range  of  63  to  19 
per  cent,  or  0.45  ppm  per  unit  of  transmittance.  The  standard  deviation  of  a 
single  determination  (30  replications)  was  0.75  ppm.  The  standard  curve  for 
1,3-dlmethylurea  is  given  in  Figure  6. 

Thiourea.  A  suitable  quantity  of  thiourea  solution  and  2.0  ml  diacetyl* 
monoxlme  soluticm  we  -•  added  to  10  ml  of  an  acid  mixture  ccmposed  of  60.0  ml 
concentrated  hydrochloric  acid  and  2.941  g  arsanic  acid  diluted  to  100.0  ml 
(Figure  5).  Haximum  absorbance  occurred  at  480  ^l   (Figure  3).  Beating  time 
for  maxiwim  color  productimi  was  45  minutes  (Figure  4).  The  useful  range  of 
4.0  to  16.0  ppm  corresponded  to  a  transmittance  range  of  75  to  13  per  cent, 
or  0.21  ppm  per  unit  of  transmittance.  The  standard  deviation  of  a  single 
determination  (30  replications)  was  0.43  ppm.  The  standard  curve  for  thiourea 
is  given  in  Figure  6. 

Acetylthiourea.  A  suitable  quantity  of  acetyl thiourea  solution  and  2.0 
ml  diacetylmonoxime  solution  were  added  to  10  ml  of  an  acid  mixture  composed 
of  70.0  ml  of  concentrated  hydrochloric  acid  and  0.7354  g  arsenic  acid  diluted 
to  100.0  ml  (Figure  5).  Haximum  absorbance  occurred  at  485  nm   (Figure  3). 
Heating  time  for  maximum  color  production  %ias  35  minutes  (Figure  4).  The  use- 
ful range  of  5.0  to  25.0  ppm  corresponded  to  a  transmittance  range  of  80  to  15 
per  cent,  or  0.31  ppm  per  unit  of  transmittance.  The  standard  deviation  of  a 
single  determination  (30  replications)  was  0.48  ppm.  The  standard  curve  for 
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acetyl thiouraa  is  given  in  Figure  6. 

l«3«diethyl thiourea.  A  suitable  quantity  of  1,3-diethylthiourea  solution 
and  2.0  ml  diacetylmonoxiae  solution  were  added  to  10  ml  of  an  acid  mixture 
eoapesed  of  60.0  ml  concentrated  hydrochloric  acid  and  1.103  g  arsenic  acid 
diluted  to  100.0  ml  (Figure  5).  MayliMi  absorbance  occurred  at  510  m   (Figure 
3).  Heating  time  for  ^^«4t«m  color  production  was  30  minutes  (Figure  4).  The 
useful  range  of  100  to  500  ppm  corresponded  to  a  transmittance  range  of  77  to 
14  per  cent^  or  6.35  ppm  per  unit  of  transmittance.  The  standard  deviatLon  of 
a  single  determination  (30  replications)  was  14.18  ppm.  The  standard  curve  for 
1,3-diethylthiourea  is  given  in  Figure  6. 

Analysis  of  Flours  Containing  Added  Quantities  of  Certain  Ureas.  Analyses 
were  made  after  adding  knovn  amounts  of  a  given  urea  or  thiourea  to  a  conqposite 
flour  sample.  A  2.000  g  8«^>le  of  flour  containing  the  urea  or  thiourea  under 
investigation  was  agitated  in  a  reciprocating  shaker  for  one  hour  with  100.0  ml 
water,  followed  by  filtering  through  Whatman  No.  4  filter  paper.  Analyses  for 
specific  ureas  were  performed  on  aliquots  of  the  filtrates.  Data  for  th« 
analyses  are  given  in  Table  2. 

Diacetylmonoxlme  Reaction  with  Ureas 

The  reaction  of  diacetylaonoxime  with  urea  is  not  understood,  and  the  re- 
action product  is  unknown.  Natelson,  Scott,  and  Beffa  (14)  have  shown  that  the 
active  reagent  is  diacetyl  and  not  diacetylmonoxime.  It  is  noteworthy  to  point 
out  again  that  the  present  study  shows  that  a  greater  color  intensity  was  pro- 
duced with  diacetylmtmoxime  than  with  diacetyl.  Being  volatile,  appreciable 
amounts  of  diacetyl  may  have  becm  lost  before  having  an  opportunity  to  react. 
It  appears  that  a  slow  production  of  diacetyl  by  the  hydrolysis  of  the  oxime 
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Table  2.  Analyses  of  flours  containing  added  quantities  of  certain 
ureas  (diacetylmonoxime  reaction). 


II  n  '    ■  1      M  III  i  1   ■■  .X 

t      Quantity 

Average 

Quantity  : 
i   Found   :  B 

:  Added   : 

Found 

recovery 

Conpound 

:    ng    : 

ag 

ag    : 

% 

Urea 

12.5 

12.5 
12.5 

12.06 
12.35 
12.25 

12.22 

97.8 

Acetylurea 

12.5 

12.5 
12.5 

12.04 
12.40 
12.58 

12.34 

98.7 

1,3-DiBathylurea 

12.5 
12.5 
12.5 

12.45 
12.11 
12.53 

12.36 

98.9 

Thiourea 

12.5 
12.5 
12.5 

12.22 
11.57 
11.77 

11.85 

94.8 

Acetylthiourea 

12.5 
12.5 
12.5 

12.79 
12.17 
12.89 

12.62 

100.9 

1,3-Diethylthiourea 

25.0 
25.0 
25.0 

25.8 
23.6 
24.0 

24.5 

98.0 
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Fig,  3.  Transmlttance  vs.  wave  length  for  six  ureas  reacting 
with  diacetylmonoxime,  each  urea  at  three  concentra- 
tions in  ppm. 
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Fig,  4.  Transmit tance  vs.  heating  time  for  six  ureas  reacting 
with  diacetylmonoxime,  each  urea  at  three  concentra- 
tions in  ppm. 
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Fig.  5.  Transmlttance  vs.  three  reagent  concentrations  for  six  ureas  re- 
acting with  diacetylmonoxime,  two  reagents  being  held  at  optimum 
concentration  while  that  of  the  third  reagent  was  varied. 
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Fig.   6.     Standard  curves  of  concentration  vs.   absorbance  at 

minimum  transmittance  for  each  of  six  ureas  reacting 
with  diacetylmonoxime. 


pemlts  a  a»re  favorable  reaction.  Fearon  (6)  stated  that  the  reaction  was 
positive  for  coapounds  containing  the  system  RNHCONHR',  where  R  is  either  hydros 
gen  or  8ii^>le  aliphatic  radicle^  and  R*  is  not  an  acyl  radicle.  In  the  present 
study  and  contrary  to  Fearon* s  statement,  a  positive  reaction  was  obtained  with 
acetylurea  and  acetyl thiourea*  No  color  was  produced  with  1,3-diphenylurea, 
lyl-diphenylurea,  ethyl«iethiourea,  l,3>diphenylthiourea,  and  l|,l«diphenylthio- 
uraa.  A  positive  reaction  was  obtained  with  l^l-diethylurea,  but  because  of  the 
difficulty  in  purifying  the  sample,  a  method  was  not  worked  out. 

In  view  of  the  preceding  discussion,  it  would  appear  that  the  reaction  with 
diacetylmonoxime  is  positive  for  compounds  containing  the  system  UiHCO(S)liR*R**, 
where  R  is  hydrogen  or  a  simple  aliphatic  radicle  and  R*  is  hydrogen,  a  simple 
aliphatic  radicle  or  a  phenyl  group,  and  R"  is  not  a  phenyl  group* 

Althoxxgh  no  effort  was  made  to  apply  the  methods  to  other  types  of  samples. 
It  appears  that  they  would  be  applicable  to  a  wide  range  of  food  products*  It 
has  been  reported  (6)  that  color  is  obtained  with  protein,  however  no  color  was 
noted  with  the  water-soluble  extracts  of  flour* 

siMunr 

Two  methods  have  been  modified  and  extended  to  determine  urea,  thiourea, 
and  several  of  their  substitution  products.  Both  methods  were  modified  to  de- 
crease  the  working  range,  and  hence  increase  the  sensitivity,  two  advantages 
not  realized  by  other  existing  methods*  The  range  of  concentrations  was  lowered 
to  values  generally  below  10  ppm  for  the  ureas,  and  below  SO  ppm  for  the 
thioureas  * 

The  ureas  reacting  with  p-dimethylaminobenzaldehyde  gave  a  yellowish-green 
color  having  a  broad  transmittancy  minimum  from  425  to  445  i%i.  The  thioureas 


gave  the  iMiii  color  but  their  transalttance  minlmums  were  £rom  4A0  to  460  ta^.. 

An  improved  oiethod  using  p-difflethylaminobenzaldehyde  employed  i-propyl 
alcohol  solvent  instead  of  vater,  and  sulfuric  in  place  of  hydrochloric  acid. 
When  using  i-propyl  alcohol  as  a  solvent,  howeverj  extreme  care  must  be  taken 
to  exclude  vater  from  the  reaction.  As  little  as  0.25  per  cent  water  in  the 
color  solution  was  found  to  decrease  by  50  per  cent  the  color  produced  with 
urea* 

Methods  are  given  for  the  determination  of  five  ureas  and  four  thioureas 
with  p-dimethylamlnobenzaldehyde.  The  five  ureas  include  urea,  methylurea, 
t-butylurea,  allylurea,  and  phenylurea.  The  four  thioureas  include  thiourea, 
allylthlourea,  phenyl thiourea,  and  ethylenethiourea .  The  determination  of 
ethylenethiourea  required  the  use  of  a  mixture  of  i-propyl  alcohol  and  acetic 
acid  as  a  solvent. 

Xa  tha  reaction  of  dlacetylmonoxlme  with  the  txreas,  the  concentrations 
of  reagents  were  altered  to  Increase  the  stability  of  the  color,  and  extend 
the  straight  line  portion  of  the  concentration  versus  absorbance  curves  over 
a  longer  portion  of  the  transmlttance  scale.  This  vas  done  without  decreasing 
tha  aensltivity  of  the  method. 

Methods  eoq>loylng  dlacetylmonoxlme  are  given  for  the  determination  of 
three  ureas  and  three  thioureas.  The  three  ureas  include  urea,  acetylurea, 
and  1,3-dimethylurea.  The  three  thioureas  are  thiourea,  acetyl thiourea,  and 
1,3-dlethylthiourea.  Since  neither  the  p-dimethylamlnobenzaldehyde  nor  the 
dlacetylmonoxlme  method  gives  a  color  intensity  that  follows  Beer's  law,  con- 
centrations must  be  read  from  standard  curves. 
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In  previous  foliar  spraying  experiments,  sulfur  and  nitrogen  In  the  form 
of  thiourea,  N,N*-dlethylthlourea,  and  ethylenethlourea  vera  applied  to  the 
leaves  of  the  wheat  plant  prior  to  and/ or  at  heading.  Protein  contents  of  the 
flours  were  Increased  by  2.5  to  A. 5  per  cent.  Total  sulfur  contents  of  the 
flours  vere  Increased  about  20  per  cent  above  those  for  flours  milled  fxam 
wheats  that  were  sprayed  vlth  amaonlum  nitrate  and  such  noasulfur-contalnlng 
ureas  as  N,N*-dlm«thylurea,  N^N-diethylursa,  and  urea. 

The  materially  below  normal  physical  and  baking  properties  of  some  is^eats 
compared  to  the  normal  and  above  normal  properties  of  others  suggested  that 
certain  ureas  had  been  synthesized  to  varying  degrees  Into  gluten  protein, 
thereby  pointing  to  the  need  of  a  sensitive  quantitative  method  for  determin- 
ing residual  quantities,  if  any,  of  the  ureas  and  thioureas  in  the  trtieats  and 
flours  involved.  Residual  amounts  of  certain  ureas  and  thioureas  possibly 
could  account  for  the  below  as  wall  as  above  normal  properties  of  certain 
wheats  and  flours.  Accordingly,  in  the  present  study,  two  spectrophotometric 
methods  for  the  quantitative  determination  of  ureas  have  been  investigated, 
one  using  p-dlmethylamlnobenzaldehyde,  and  the  other  dlacetylmonoxima. 

The  two  methods  have  been  modified  and  extended  to  determine  urea,  thio- 
urea, and  several  of  their  substitution  products.  Both  methods  were  modified 
to  decrease  the  working  range,  and  hence  increase  the  sensitivity,  two  advan- 
tages not  realized  by  other  existing  methods.  The  range  of  concentrations  was 
lowered  to  values  generally  below  10  ppm  for  the  ureas,  and  below  50  ppm  for 
the  thioureas. 

The  ureas  reacting  with  p-dimethylaminobenzaldehyde  gave  a  yellowish- 
green  color  having  a  broad  transmittance  minimum  from  425  to  445  m^.  The 
thioureas  gave  the  same  color  but  their  transmittance  miniuims  were  from  440 
to  460  %!. 


An  improved  loethod  using  p-dimethylaiBinobenzaldehyde  aiqiloyed  i-propyl 
alcohol  solvent  instead  of  water,  and  sulfuric  in  place  of  hydrochloric  acid. 
When  using  i»propyl  alcohol  as  a  solvent,  however,  extreme  care  must  be  taken 
to  exclude  water  from  the  reaction.  As  little  as  0*25  per  cent  water  in  the 
color  solution  decreased  by  50  per  cent  the  color  produced  with  urea. 

Methods  ara  given  for  the  determination  of  five  ureas  and  four  thioureas 
with  p-dimethylaminobenzaldehyde.  The  five  ureas  include  urea,  methylurea, 
t-butylurea,  allylurea,  and  phenylurea.  The  four  thioureas  include  thiourea, 
allylthiourea,  phenyl thiourea,  and  ethylenethiourea.  The  determination  of 
•thylenethiourea  required  the  use  of  a  mixture  of  i»propyl  alcohol  and  acetic 
acid  as  a  solvent. 

In  the  reaction  of  dlacetylmonoxime  with  the  ureas,  the  concentrations 
of  reagents  were  altered  to  increase  the  stability  of  the  color,  and  extend 
the  straight  line  portion  of  the  comcentration  versus  absorbance  curves  over 
a  longer  portion  of  the  transmittance  scale.  This  was  done  without  decreasing 
tha  amsitivity  of  the  method. 

Methods  employing  dlacetylmonoxime  are  given  for  the  determination  of 
three  ureas  and  three  thioureas.  The  three  ureas  include  urea,  acetyluraa^ 
and  1,3-dimethylurea.  The  three  thioureas  are  thiourea,  acetylthiourea,  and 
1,3-diethyl thiourea.  Since  neither  the  p-dimethylaminobenzaldehyde  nor  the 
dlacetylmonoxime  method  gives  a  color  intensity  that  follows  Beer's  law,  con* 
centrations  of  the  compounds  being  measured  must  be  read  from  standard  curves. 


